exploitation of QD gels in optoelectronic applications.
Semiconductor quantum dots (QDs) have attracted tremendous attention because of their size and shape dependent optical and electronic properties, which make them promising for use in optoelectronic device applications such 15 as field-effect transistors (FFTs), 1, 2 photodetectors, 3,4 light emitting diodes (LEDs) 5, 6 and solar cells. 7, 8 However, the method of QD assembly plays a major role in determining the performance of these devices, which require facile electronic communication between adjacent QDs while retaining 20 quantum confinement. Sol-gel methods have the potential to fulfill these requirements and methods have been developed to assemble metal chalcogenide QDs into gels, xerogels and aerogels comprising three dimensional networks of QDs. cluster size at the gelation point has a major impact on the macroscopic properties (e.g. transparency) of the resulting gels. For CdSe(ZnS) QDs (average diameter 4.6 nm), transparent gel structures resulted at low QD particle concentration (4 x 10 -7 M) and oxidant concentration, where 45 aggregation follows reaction limited colloidal aggregation (RLCA) kinetics. 13 Accordingly, these conditions were exploited to create the transparent films reported here. 
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The discrepancy can be attributed to the broadening of absorbance, smearing out the primary absorption peak.
Moreover, the xerogel film shows a significant red shift (58 meV) in the PL maxima. These changes in absorption/emission properties are a good indication of the 15 presence of an interconnected network of QDs within the xerogel film, where strong coupling of adjacent QDs results in efficient Förster resonant energy transfer. 12, 15 Structural and composition analysis of the films was done by performing X-ray diffraction (XRD) and energy dispersive 20 spectroscopy (EDS). The XRD pattern of the xerogel film (Figure 2 ) reveals the hexagonal phase of CdSe, as is also seen in the precursor QDs. Semi-quantitative analysis of xerogel films by EDS reveals that Cd:Se:Zn:S ratios are 28.00:22.43:18.05:31.52. The excess chalcogen (sulfur) is 25 attributed to residual MUA ligands on the QD surfaces comprising the xerogel film.
The surface morphology of the xerogel films was studied by field emission scanning electron microscopy (FESEM) (Figure 3a) . The films appear dense, which is a typical (TOPO)-capped films (~600 nm) fabricated on a glass substrate by drop casting. However, we were not able to get a reading from the source meter, indicative of the highly insulating nature of the TOPO-capped CdSe(ZnS) films. According to the literature, the R S of TOPO-capped CdSe 55 films with micron-scale thickness is on the order of 10 22 Ω per square, thus we observe a fifteen order of magnitude enhancement in conductivity by converting the QDs into xerogel films. 16 In fact, the σ of the xerogel QD films is close to that obtained from pyridine-capped CdSe thin films treated 60 with cross-linking molecules (σ ~ 10 -2 S cm -1 ). 17 The high conductivity of the QD xerogel film is surprising since the particle interfaces are composed of oxidized sulfide linkages (S n ) 2-, 14 and chemical reduction in solution leads to gel dispersion.
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Since the high surface roughness could be adversely affecting the conductivity of xerogel films, attempts were made to deposit thin films with low surface roughness by reducing the sol volume. Unfortunately, the decrease of sol volume resulted in macroscopic cracks on the film, and 70 consequently, the conductivity reduced significantly. Sol-gel methods were employed to fabricate micron thickness CdSe(ZnS) xerogel films with high transparency and luminescence. The films were surprisingly conductive (σ = 10 -3 S cm -1 ) consistent with the existence of an electrically connected network of QDs within the xerogel film. The 5 network enhances the transport of mobile charge carriers despite the strong potential for trapping at the oxidized interfaces and/or bond cleavage due to reduction. Currently, pre-and post-gelation strategies for spin-coated QD films are being investigated with the aim of producing high-quality
Conclusions

